Abstract: Recurrent pharyngo-tonsillar infections caused by group A beta-hemolytic streptococci (GABHS) occur frequently in young children, and the treatment of these infections contributes substantially to the total current requirement for antibiotic prescribing. Our study goal was to assess through a retrospective observational analysis whether the administration of the oral probiotic, Streptococcus salivarius K12 (SsK12), could reduce the occurrence of GABHS pharyngo-tonsillar infections in children who had a recent history of recurrent episodes of these infections. Twelve primary care pediatricians identified, through their databases, a total of 130 children who had experienced recurrent GABHS pharyngo-tonsillar infections over a period of at least 6-12 months prior to their inclusion in the study. Of these children, 76 then undertook a 90-day program requiring oncea-day dosing with a commercially available (Bactoblis) lozenge containing SsK12. No probiotic supplement was given to the remaining 54 (control) children. Each subject was monitored for the occurrence of GABHS pharyngo-tonsillitis and also for acute otitis media, bronchitis, sinusitis, and bronchopneumonia for at least 12 months following their entry to the study. Even 9 months after the use of SsK12 had been stopped, the probability of new GABHS infections was significantly lower (P.0.001) when compared to the period before dosing commenced. When compared to the untreated children, those taking SsK12 appear to have had significantly fewer GABHS infections both during the 90-day period of prophylaxis and during the following 9 months (P,0.001). These observations are supportive of the use of probiotic SsK12 for the control of recurrent GABHS pharyngo-tonsillar infections in children, and as an associated benefit, the use of this probiotic could lead to reduced antibiotic consumption. Follow-up controlled prospective studies should now be initiated in order to further establish the efficacy of this newly emerging prophylactic strategy.
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Background
Group A beta-hemolytic streptococci (GABHS) are a frequent cause of recurrent pharyngo-tonsillar infections (RPTIs) in young children, and this is associated with the further requirements for recurrent clinical examinations, pharmacological treatments, specialist consultations, and sometimes surgical intervention. In Italy, oral penicillin is not available, and penicillin G is only provided through the National Health Service for patients with rheumatic disease. Therefore, amoxicillin is the drug of choice for treatment of single acute episodes of GABHS. For those experiencing recurrent GABHS infections, cycles of antibiotic therapy and tonsillectomy are given consideration. Recently, an orally administered probiotic product (Bactoblis), based on Streptococcus salivarius K12 (SsK12), became available in Italy. SsK12, a normal inhabitant of the human oral cavity, produces two bacteriocins, salivaricin A2 and salivaricin B, both of which interfere with the growth of GABHS. 3, 4 Bacteriocins are antimicrobials having relatively specific killing activity. Their action leads to suppression of the growth of bacteria that are phylogenetically closely related to the bacteriocin-producing strain. Unlike the classical antibiotics used to treat infections, the action of bacteriocins does not extend to microbial species that are distanced phylogenetically from the producer strain.
As is often the case for nutraceutical products, reports of its efficacy are still quite limited. 5 The product is provided as tablets to be sucked slowly in the evening before bedtime with a recommended dosing program of one tablet daily for 90 days.
We asked the primary care pediatricians of the Local Health Unit (LHU) of Piacenza to analyze their databases retrospectively for children experiencing GABHS RPTIs, and then to compare the subsequent clinical sequelae in the children who had been treated with the recommended program of SsK12 with those who had not taken this product.
The primary objective of the study was to assess retrospectively if SsK12 use in pediatric patients with GABHS RPTIs could: (a) significantly reduce the occurrence of GABHS relapses during the treatment period itself and over the following 9 months, when compared to the 6-to 12-month period immediately prior to the start of their probiotic treatment; and (b) significantly reduce the occurrence of GABHS relapses during the treatment period and over the following 9 months, when compared with a control group of children experiencing GABHS RPTIs but nontreated with SsK12. A secondary study objective was to assess whether the subjects treated with SsK12 had experienced any significant differences in the occurrence of bronchitis, otitis, sinusitis, or bronchopneumonia.
Materials and methods
This study was performed according to the criteria contained in the Declaration of Helsinki and was approved by the Ethics Committee of the Local Health Authority of Piacenza. A written consent was obtained from parents of children enrolled in the study.
Methods and selection of patients
Twelve of the 33 primary care pediatricians of the LHU of Piacenza participated in the study. Each pediatrician collected the retrospective data of patients ranging from 3 to 7 years of age who had received a diagnosis of GABHS RPTIs during the period January 1, 2011 to December 31, 2013.
Since 2010, the primary care pediatricians of LHU have used standardized clinical and microbiological criteria for the diagnosis of GABHS infections based on the McIsaac clinical score 6 and the rapid throat swab (RAD), as a requirement of the ProBA (Project Children-Antibiotics) regional project. 7 According to the McIsaac clinical score and flow chart, the diagnosis of GABHS infection could, in probability terms, be excluded, confirmed, or remain questionable: in the case of a questionable clinical score, the availability of RAD enables a diagnosis to be made with reduced error rates. 8 Therefore, the following definitions were adopted for the present study.
Definition of pharyngo-tonsillar infection
McIsaac score with clinical score $2 (adenopathy, fever .38°C, absence of cough, pharyngo-tonsillar exudate, age, season) + confirmation of GABHS presence with RAD method or McIsaac score =5.
Definition of RPTI
RPTI is defined as three or more episodes of pharyngotonsillitis over a period of 6 months, or four or more episodes over a period of 12 months.
For each patient, a form was completed listing infectious events observed over the 12 months following his/her RPTI diagnosis, and/or any antibiotic therapy used. Patients diagnosed as having RPTIs who then received a standard 3-month treatment with SsK12 were then observed for a further 9 months so that all patients in the study were monitored for at least 12 months after RPTI diagnosis.
administration of ssK12
SsK12 was administered as tablets sucked slowly in the evening just before bedtime, one tablet each day for 90 days. Every tablet (Bactoblis commercial lozenges) contains one billion units forming colonies of SsK12/dose (based on the product expiry date).
statistical analysis
For a suitable statistical assessment, it was necessary to have a sample size of at least 100 cases of RPTIs. Nonparametric tests were used. To compare the results of the 12-month 
Results
Included in the present study were 130 children who were established to be affected by RPTIs and whose clinical records could be followed up for a subsequent period of 12 months: 76 children were first treated for 90 days with SsK12, while 54 did not receive SsK12 and were considered to be the control group. The group of treated children consisted of 38 males, mean age 5.0±1.3 years, and 38 females, mean age 4.9±1.6 years. The group of nontreated children consisted of 25 males, mean age 5.3±1.7 years, and 29 females, mean age 5.3±1.5 years. The two groups had no statistically significant differences in age and sex.
The children treated with SsK12 had a significantly lower number of pharyngo-tonsillar infections than in the period before treatment (P,0.001). Interestingly, the control group also experienced a significantly lower occurrence of GABHS infections during the observation period of 1 year following RPTI diagnosis. However, the reduction of infections obtained in the treated group was statistically higher in the SsK12-treated children (P,0.001) ( Table 1) .
By comparison with the control group, the group of children treated with SsK12 experienced significantly fewer GABHS infections both during the initial 90 days of inclusion in the study, during which the treatment group received SsK12 (nine relapses vs 42; P,0.001, odds ratio 0.03), and in the following 9 months (eleven relapses vs 39; P,0.001, odds ratio 0.07) ( Tables 2 and 3) .
Multivaried analysis has also demonstrated the absence of any dependency on sex and age variables. Regarding documented episodes of acute otitis media, bronchitis, sinusitis, and bronchopneumonia, no significant differences were found between the group treated with SsK12 and the nontreated group.
Discussion
GABHS pharyngo-tonsillitis is one of the most frequently occurring infectious diseases in the pediatric age. Although RPTIs are a well-recognized problem in geographical areas such as the North of Italy, there are relatively little epidemiological data on this topic. Cardiac and rheumatic complications, although still present in developing countries, have been greatly reduced in recent decades in most western countries, and so their prevention is no longer the primary goal of pharyngo-tonsillitis therapy. 9 Appropriate antibiotic therapy typically effects a rapid healing of acute pharyngotonsillitis, and this, in practice, is the most pressing need for parents, as a consequence of current social and economic patterns differing from those of the past.
The secondary prevention of GABHS RPTIs typically focuses upon tonsillectomy as a therapeutic option, although this is less frequently applied than it was 20-30 years ago. In Italy, the use of penicillin G has been gradually neglected because of increased concern about the risk of adverse anaphylactic reactions, and it is not granted by National Health Service, with a high cost per vial. At present, there are no validated alternative pharmacological options for the secondary prevention of GABHS RPTIs.
Studies of a group of school children in New Zealand 10 demonstrated that some of the children had bacteriocinproducing S. salivarius present in their saliva, which had strong inhibitory action against Streptococcus pyogenes. S. salivarius are known to be harmless, frequently occurring inhabitants of the human oral cavity, and one isolate, named SsK12, was shown to produce two bacteriocins, salivaricin A2 and salivaricin B, both having strong inhibitory action against GABHS. 3, 4 The ability of SsK12 to colonize the upper respiratory tract when taken as a probiotic preparation in tablet form has been established both in adults and in children. 11, 12 The presence of SsK12 and of its released bacteriocins is detectable, through use of bacterial culture analysis and polymerase chain reaction methodologies for at least 32 days after its last administration. 12 The safety profile of SsK12 has been assessed in several studies, and according to the Ministry of Health directives, 
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Reduction of gaBhs pharyngo-tonsillar infections it is considered safe for human use in probiotic formulations intended to achieve oral colonization. 13, 14 During our study, compliance rate assessed throughout the 3-month period on SsK12 was very good: no child has stopped therapy earlier than established.
The present retrospective observational study has indicated that the use of SsK12 has significantly reduced the occurrence of GABHS pharyngo-tonsillitis in a group of children established to have GABHS RPTIs, by comparison to the occurrence of these infections both in this group of children in the period prior to their use of SsK12 and in a control group of children characterized by the same clinical history of RPTIs, but untreated with SsK12.
Control group also showed reduced rate of GABHS infections over a period of 12 months: this is more likely due to immune competence that physiologically increases in childhood; nevertheless, there remained a very high statistical difference when compared with group treated with SsK12. Ours is a retrospective observational study, and hence, the different number of subjects in the two groups. Anyway, we are not concerned about the effects of numerical imbalance between the two groups because, according to Ruvuna, 15 we calculated the statistical impact on the power of our test discovering it as minimal.
According to our data, SsK12 assumption makes four times less likely the need for antibiotic therapy against GABHS infections providing the chance of reducing antibiotic pressure in the era of multi-resistant germs.
It is recognized that this retrospective, observational study has less validity than a double-blind, controlled, prospective, and randomized investigation and also that it may contain significant bias: for example, no account has been taken of poorly compliant subjects who may either have stopped taking inconsistently used SsK12 during the recommended 90-day course of treatment. Also, no account has been made of the use by the test or control subjects of any other nutritional and/or probiotic products. Moreover, entry to the study occurred in a voluntary way, and the criteria established by the pediatricians for the recommendation for SsK12 use by each patient with an RPTI diagnosis were purely subjective. On the other hand, the treatment and control groups were uniform for age and sex, and the diagnostic-therapeutic management protocols for pharyngo-tonsillitis (ie, clinical assessment with McIsaac score and the use of RAD) have been well established for all of the pediatricians participating in the study. Few studies are available about clinical evaluation of the oral probiotic SsK12 in preventing recurrent pharyngitis and/or tonsillitis in childhood caused by S. pyogenes, all of them not randomized or placebo-controlled and also not blinded and with fewer children enrolled. 5 Up to now, our study is the one with the largest number of children enrolled.
Conclusion
On the basis of the results of this observational and retrospective study, it appears that oral preparations containing SsK12 may provide a beneficial option for the prevention of pediatric GABHS RPTIs: their use may be particularly useful in patients who would otherwise be forced to undergo frequent cycles of antibiotic therapy. Hopefully, further investigations of this new approach to prophylaxis against GABHS infection will follow, also bearing in mind the ever-increasing need to reduce our antibiotic usage in patients of all ages in order to reduce the risk of antibiotic resistance development.
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